ABSTRACT Objective: Compulsive exercise is a wellknown feature in eating disorders. The Exercise and Eating Disorder (EED) selfreport questionnaire was developed to assess aspects of compulsive exercise not adequately captured by existing instruments. This study aimed to test psychometric properties and the factor structure of the EED among women with eating disorders and a control group.
Introduction
Compulsive/excessive exercise is a well-known feature in eating disorders. It has been reported as an important factor to consider in all stages of the illness, and has been identified as a predictor of poor outcome. [1] [2] [3] In the DSM-IV and DSM 5 criteria, the phrase "excessive exercise" is described in relation to fear of gaining weight for anorexia nervosa (AN) and as a compensatory behavior to control weight for bulimia nervosa (BN). Exercise is defined as excessive when interfering with important activities, occurring at inappropriate times and settings, and continuing despite injuries and/or medical complications. 4 Meyer and Taranis 5 have described challenges in this research field as a consequence of great variation and inconsistency in use of terms and definitions. Similar to other researchers, 6, 7 they have highlighted the lack of a consensus definition of compulsive/excessive exercise. Measurement has largely focused on motivation, i.e., exercise motivated by shape/weight concern/control, and the amount of exercise. 6, 8, 9 Across different inpatient samples, 39 to 45.5% of patients have been classified as compulsive/excessive exercisers. 6, 9 Improving our knowledge and understanding of compulsive exercise among clinical samples of eating disorders is an important and clinically relevant research direction. In addition to exercise motivated by shape and weight concerns, research has elucidated the role of exercise in affect regulation in clinical samples, 10, 11 and emerging evidence suggests the importance of withdrawal symptoms and negative consequences of not exercising. 3, 12, 13 It has been stated that "compulsive" is a more appropriate term than "excessive" when describing exercise in patients with eating disorders. 5, 14 These authors differentiated between a quantity dimension (excessive) measured by frequency, intensity and duration, and the qualitative dimension related to compulsivity.
Different assessments have measured different constructs related to excessive/compulsive exercise. The Obligatory Exercise Questionnaire (OEQ) was developed to measure exercise attitudes and activities. 15 A revised version (OEQ-R) covers emotional elements, behavioral elements and exercise preoccupation. 16 The Eating and Exercise Behavior Questionnaire 17 focuses on behavioral control of obesity, with one scale covering exercise behavior. The Commitment to Exercise Scale 18 was developed to tap feelings of well-being, maintenance, and exercise regimes. The Reasons for Exercise Inventory (REI) 19 includes four subscales to assess management of fitness and health, attractiveness and weight loss, emotional regulation, and social interaction. Another perspective in the measurement of excessive exercise is linked to theories of addiction or dependence on exercise. For example, the Exercise Dependence Questionnaire 20 and Exercise Dependence ScaleRevised (EDS-R) 21 both represent this tradition. In the EDS-R, all the criteria for dependence in the DSM-IV were included and linked to exercise behavior. The Exercise Addiction Inventory 22 is a short version related to addiction models of understanding exercise. Within this framework, eating disorders are theoretically linked to secondary dependency of exercise. Other models have focused on primary factors related to the maintenance of compulsive exercise within a cognitive-behavioral framework. In 2011, for example, preliminary results were published from a validation study of a new questionnaire entitled the compulsive exercise test (CET). 23 The content of this questionnaire stems from a multidimensional view of eating disorders. All of these questionnaires were validated in nonclinical samples.
In our clinical practice, we experienced a lack of correspondence between the challenges reported by the eating disorder patients and available questionnaires, and no questionnaires have been developed in clinical eating disorder units. Restriction of exercise and regulation of rest and meals are elements in treatment programs. It is necessary to understand how emotional and behavioral aspects influence the relationship between exercise and other symptoms in treatment. We aimed to develop an instrument for clinical purposes that addressed aspects of excessive exercise not adequately captured by existing questionnaires. Specifically, we attempted to fill a gap in the assessment literature by covering clinically relevant constructs such as negative emotions, or consequences if exercise was delayed or interrupted, 18 ,24 the ability to perceive and/or interpret body signals (e.g., hunger, satiety and fatigue) despite being emaciated, 25 and changes in body perception when exercise was restricted. Based on existing research and clinical observations, a new questionnaire, the Exercise and Eating Disorder (EED), was developed. A pilot study showed promising preliminary results, 13 and subsequent revisions to the EED in 2009 made necessary further validation. More information about the pilot study is provided in the method section. The specific aims of this study were to (1) test the psychometric properties of the revised version of the EED in a female clinical sample and a control group, (2) to test the factor structure, and (3) to determine a classification scheme based on the EED global score to yield an estimate of severity, which may be useful in clinical decision-making.
Method

Participants and Procedure
The study included 449 female participants, 244 eating disorder patients (inpatients and outpatients), and 205 healthy controls. The patients were recruited from an eating disorder unit between the beginning of 2009 and the end of 2013. Questionnaires, which included informed consent, were administered at the beginning of treatment in accordance with routine assessment procedures at intake. Exclusion criteria in the patient group were not fulfilling criteria for an eating disorder diagnosis (n 5 8) and pregnancy (n 5 1). Patients were diagnosed by licensed psychologists or psychiatrists. Diagnoses were based on clinical interviews in accordance with diagnostic criteria, 26 as supported by the Eating Disorder Examination Questionnaire (EDE-Q) 27 and the Eating Disorder Inventory (EDI-2). 28 Preliminary diagnoses were discussed in meetings with a minimum of two specialists prior to reaching a final consensus diagnosis. All secondary female students from a community high school and from different faculties at two University Colleges in the region were invited to participate as a control group. The high school offers education in seven different programs such as science, economics, design and crafts, media and communication, etc. Together with students from different programs (driving instruction, multimedia, finance and administration, animal science, nature management, nursing, and physiotherapy), the control group provided a representative sample of this student population. Questionnaires were administrated by teachers in high school, by the first author (MD) in the University College, and were completed during regular classes (autumn 2013, and beginning of 2014). A total of 219 female students attending school on the data collection days were invited to participate, only four students chose not to participate. Fourteen of these female students reported having an eating disorder and, therefore, were excluded from the study, leaving a total of 205 students. To investigate the test-retest reliability, 69 controls completed the questionnaire a second time after one week. The questionnaires were pairwise coded for T1 and T2. The actual participants received both questionnaires at the same time, completing one on the actual day (T1) and the other (T2) one week later. These participants received a negligible lottery ticket (value $4, without any guaranty of winning) as a compensation for their participation.
The study was approved by the local Data Access Committee and the Regional Committee for Medical and Health Research Ethics. All patients have provided written informed consent before participation. Information from the control group participants was anonymous. Consent from the control group was organized and completed in accordance to advice received from the Regional Committee for Medical and Health Research Ethics. Both written and oral information were given to the participants. They were informed that completing and returning the questionnaire was equivalent to giving consent to participate in the study. Because of anonymity of the data, it was not possible to withdraw the consent later.
Development of the EED Questionnaire
Based on systematized clinical data, discussions in the multidisciplinary team and existing research, the first version of the EED was developed in 2005. 13 It consisted of 20 statements on a 6-point Likert scale from zero to five (never, rarely, sometimes, often, usually, and always). The scale is reversed for statements with positive meaning. The questionnaire was developed to cover different dimensions of exercise. Originally, the items were divided thematically into three subscales: (1) intentions to One way ANOVA between diagnostic groups, df (3, 240) (age), df (3, 238) . Bonferroni post hoc test, only significant relationships are reported. c Reduced N is due to missing BMI data in individuals.
p values: * p < 0.05, ** p < 0.01, and *** p < 0.001.
VALIDATION OF THE EED QUESTIONNAIRE
International Journal of Eating Disorders 48:7 983-993 2015 exercise, (2) consequences of not exercising, and (3) bodily signals; based on clinical experience, without performing a factor analysis. Because the response scale is reversed on positive statements, higher scores of the EED indicate more compulsivity and unhealthy exercise. The phrase "physically active" was used in statements to capture low intensity activity. Questions about workouts per week ranged from no workouts to more than five per week.
Results from the pilot study 13 (50 eating disorder patients and 51 controls) showed good internal reliability, and significant discrimination between groups (sum score and subscales). Afterwards, three statements were rewritten, one because it did not discriminate between patients and controls and two statements because their meaning overlapped with other items. Three questions exploring quantity dimensions were included. The questions were similar to those used in The HUNT study, which is a longitudinal population health study in Norway. 29 There are five alternatives for reporting frequency of exercise from "never" to "almost every day." There are three alternatives for intensity from "I take it easy without breaking into a sweat or losing my breath" to "I push myself to near exhaustion," and four response alternatives for duration of each exercise session from "<15 min" to "[mt]1 h." These questions have been validated. 29 Feedback from patients have shown that one of the new statements was difficult to understand (I feel/ notice pain). Preliminary analysis showed that another statement (I'm physically active to be the first or best performer) had a considerably negative influence on reliability of the actual subscale and did not discriminate significantly between groups. These two statements have been excluded, and all analyses are performed on EED with 18 items. The same 6-point Likert scale, which was reversed in positive statements, was kept in the revised version of the EED. To make interpretation easier, mean scores were reported in the validated version. The EED global score was calculated as a mean score of all items because of the different number of items in subscales.
The Eating Disorder ExaminationQuestionnaire 6.0 (EDE-Q)
The EDE-Q is a validated and well-known self-report questionnaire based on the Eating Disorder Examination interview, and investigates key eating disorder attitudes and behavior of the last 28 days. 27 It consists of Global score and four subscales: Dietary restraint, Weight concern, Shape concern and Eating concern. Norwegian norms for EDE-Q have been established. 30 In this study, differences in Global score between patients and controls are reported. To measure convergent validity with the EED, a Global score above 2.5 30 and the exercise frequency (item # 18 of the EDE-Q) were used to investigate the severity grading of the EED. The EDE-Q cut-off score of 2.5 was calculated by the mean value and one standard deviation in the Norwegian norms. 30 The exercise item was "exercising more than 5 times per week during the last 28 days to control weight and shape." 27 The Cronbach's alpha coefficient for the whole sample in this study was 0.96, for patients 0.94, and controls 0.95.
Statistical Analyses
Statistical analyses were carried out using the SPSS version 21. Kolomorgov-Smirnow test did not show normality of all EED data. To achieve consistent presentation of the data, results of parametric tests were reported (independent and paired t-tests, one way ANOVA, Pearson's correlation). Nonparametric analyses were also performed. Any discrepancies between parametric and nonparametric results were reported. A Principal component analysis (PCA) was performed to explore the factor structure of the EED, including Kaiser-Meyer-Olkin measure of sampling adequacy (KMO), correlation matrix, two criteria for retaining factors (Kaisers and Scree plot) and oblique rotation (direct oblim), because correlations between factors could be expected. Chronbach alphas were calculated to investigate internal consistency. Univariate analyses adjusting for age differences between groups were performed. Effect size was calculated for comparative analyses, Cohens d for t test and eta squared (g 2 ) for ANCOVA analyses. Values of 0.70 were used as the criterion for acceptable level of internal consistency, significance levels were set at p < 0.05, and accepted level of factor loading at 0.4.
Missing Data
Missing data on single items of the EED were replaced by a calculated mean on the actual subscale for each participant. The proportion of missing EED data was 0.37%. EDE-Q data from six patients were missing. These patients were excluded from analyses including EDE-Q data. Missing data, which were not replaced by the mean, were marked clearly to show the different Ns in the actual analyses. This is reported in text and tables.
Results
Psychometric Properties of the EED
Mean (SD), group differences and 95% Confidence interval (CI) are presented in Table 2 . As shown in the table, the EED discriminated significantly (p < .001) between groups. Analyses adjusted for age differences did not affect the significance level. Adjusted mean differences and 95% CI are presented in Table 2 . The subscales of the EED are established through a PCA, and more information is provided later in the result section.
In patients, age and BMI were significantly negatively related (Pearson's r, two-tailed) to EED Global score, r 5 20.21, p < 0.01 (age), and r 5 20.27, p < 0.01 (BMI). These correlations indicated that the EED Global score increased with lower BMI and younger age in patients. In the control group, the tendency was the same regarding age, but opposite regarding BMI.
In Table 3 , the EED Global and subscale scores, and the effect size eta squared (g 2; adjusted for age difference) in diagnostic groups are presented. The analyses are adjusted for age differences, without changing the original result.
Reliability Testing
The Chronbach's alpha coefficient of the Global EED in the whole sample was 0.90. Subscale coefficients of the whole sample and patients are presented in Table 5 . In controls, the Chronbach's alpha coefficients in subscales ranged from 0.81 to 0.85. All subscale items were tested for effect on a if each item was deleted, and none of the items affected the a-level to a considerable level. The factors for corrected item-total correlation ranged from 0.56 to 0.84. The results indicated an acceptable level of consistency.
Test-Retest Reliability (N 5 69)
Between test (T1) and retest (T2), the Pearson's correlation factor on Global score was .86 and ranged from .68 to .90 in subscales. Mean global scores (SD) were 1.41 (0.71) at T1 and 1.41 (0.70) at T2. No significant differences (paired sample t test, two-tailed) were found between the two points of measurement on Global score t (68) 5 0.22, p < 0.84, or subscales. Values in subscale 1 (compulsive) were t (68) 5 1.00, p < 0.33, subscale 2 (positive): t (68) 5 21.89, p < 0.07, subscale 3 (bodily signals): t (68) 5 0.00, p 5 1.00, and subscale 4 (weight and shape): t (68) 5 0.49, p < 0.64. The nonparametric test (Wilcoxon test) showed similar results except for subscale 2: z 5 22.3, p < 0.05, indicating significant difference between T1 and T2. The overall results indicated a satisfactory level of stability of the EED, despite the limited discrepancy of results on subscale 2.
Convergent and Discriminant Validity
Correlations between global score and subscales of the EED and EDE-Q are presented in Table 4 . Higher correlations were found between EED subscales representing compulsive elements of exercise and EDE-Q weight/shape over concern than the other EED subscales. These associations indicated both convergent and discriminant validity between exercise measured by EED and symptoms of eating disorders measured by EDE-Q.
Factor Structure of the EED, PCA
Results for the total sample indicated that all KMO values for statements were above 0.72. The KMO measure verified sampling adequacy (MSA 5 0.91). 31 Bartlett's test of sphericity X 2 (153) 5 5717.388, p < 0.001, indicated sufficiently large correlations between items for performing a PCA. Analyses of Kaisers criterion and scree plot showed that both a three and a four-factor solution could be justified. There were three factors with an eigenvalues above 1, and a fourth factor just below 1 (0.91). The inflexion point of the scree plot indicated a four-factor structure. Changing from three to four factors, communality values increased from an average of 0.68 to 0.73, explained variance increased from 67.8 to 73.0%, and three items in factor 1 established the fourth factor. In the patient and control group, MSA values (respectively, 0.88 and 0.85) and Bartlett's test of sphericity (p < 0.001) were acceptable. A summary of the PCA analyses and Chronbach's alpha coefficient in subscales is presented for the whole sample and patient group in Table 5 . Factor structure was similar for the control group, except for one item, and the eigenvalue of the fourth factor increased to 1.21. Through evaluation of statistical and clinical arguments, the final conclusion was to retain four factors. Items of each factor were investigated to see how they captured common themes and clinically relevant dimensions. The three items in the fourth factor were related to exercise for weight and appearance reasons, which have been looked on as an important factor both clinically and theoretically. Eating disorder patients regularly report exercising for weight and appearance reasons. The other factors covered dimensions related to compulsivity, healthy exercise, and awareness of bodily signals. As shown in the table, the loading of one statement (if I haven't been physically active, my body feels big) was above 0.40 in two factors. It was kept in the factor with the highest loading. Another statement, "I listen to my body," was retained because it has clinical relevance 31 and higher loading above 0.40 in the patient group, despite loading below 0.4 in the total sample.
Clinical Guide of Severity Grading of the EED Scale
To make interpretation of the EED for clinicians and the communication with patients easier, we have estimated a clinical severity scale. This scale is based on quartile groups of the EED global score in the patient group. The results yielded the following classification based on global EED score: Group 1, global score <1.80 (no symptoms of compulsive exercise); Group 2, global score 1.80 2 2.39 (low severity); Group 3, global score 2.40 2 3.19 (moderate severity) and Group 4, global score > 3.20 (high severity). In Figure 1 , the expected positive associations between EED severity groups and high level exercise for patients are shown. High level of exercise was defined as the highest alternative (frequency, intensity, and duration) of amount of exercise in the EED, together with exercising more than 5 times a week (EDE-Q, # 18). The same tendency (see Fig. 1 ), was found in those with an EDE-Q Global score above 2.5, 79.7% (n 5 188), and in diagnostic groups, except for the BED group. None of the 24 BED patients reported a high level exercise.
Discussion
All analyses confirmed adequate psychometric properties of the EED and a four-factor solution. These results showed adequate test-retest reliability and discriminant validity between patients and healthy controls across different dimensions of compulsive exercise. Analyses showed that this discrimination between groups was not affected by age differences. Convergent validity was demonstrated by the high correlations between compulsive exercise measured by the EED and eating disorder symptoms measured by the EDE-Q. Findings indicate that the EED can be a useful assessment in eating disorder patients.
The EED is the first clinically derived, self-report questionnaire developed specifically for use in treatment settings for eating disorder patients. Considerable debate surrounds the issue of how exercise should be addressed in treatment for eating disorders. 32, 33 The EED may prove to be a useful contribution as an assessment tool tapping clinically relevant dimensions of compulsive exercise within a broader perspective than captured by existing questionnaires. To identify treatment goals and plan treatment, it is important to recognize and understand the different dimensions related to compulsive exercise among patients.
Consistent with existing research, the results confirmed that exercising to control weight, shape, and appearance are important features of excessive exercise. 34, 35 The results also supported the complex and multidimensional nature of exercise in eating disorders, which is consistent with C. Meyer's cognitive-behavioral maintenance model of compulsive exercise. 3 The subscale that explained the greatest part of the variance in the EED scale was related to what we have defined as the compulsive elements of exercising. The compulsive scale consisted of elements, which are theorized to maintain this behavior. Exercising to avoid difficult emotions and the concern about consequences if exercise is restricted, postponed or interrupted are primary features of the compulsive scale on the EED. The importance of compulsive attitudes has also been highlighted in research related to a conceptual model of understanding the relationship between EEDs. 36 Addiction models of excessive exercise report that withdrawal symptoms related to negative affect such as guilt, anxiety, and depression are involved in maintenance. 37 In the EED, consequences of not exercising are included that are related to eating disorder symptoms, such as difficulty with regular meals and changes in perceived body image when they do not exercise. These elements are important to understand the complex nature of exercise in clinical samples of eating disorder patients, and they may directly affect treatment.
The two other subscales are related to healthy issues of exercise, which also is important. The positive effects of healthy exercise are well-known, and it has been reported that healthy exercise may be a positive factor in treatment of eating disorder patients. 10, 38 The ability to notice bodily signals is a component not focused on in other questionnaires. Awareness of physical signals, such as fatigue, thirst, etc., is a precondition for attending to these needs and regulating exercise in a healthy way. Hilde Bruch has highlighted difficulties with perceiving and interpreting bodily signals as a symptom of AN patients. In this study, these difficulties also appeared in the other diagnostic groups. When interpreting these two subscales, it is important to remember that the response scales are reversed, and low score indicates healthy exercise and good ability to recognize bodily signals, a high score indicates the opposite.
Correlations indicated that higher scores of the EED were associated with lower BMI and younger age in patients. The AN patients were on average younger and had a lower BMI than BN and EDNOS patients, but the age range was wide across groups. Analyses adjusting for age showed that age was a factor to consider, though it did not change the results. Our lack of differences between diagnostic groups in the patient sample diverged from a study that found the highest prevalence of compulsive exercise among AN patients compared to BN and EDNOS. 6 However, similar levels of excessive exercise across diagnostic groups has been previously shown. 39 Differences across studies may depend on different levels of compulsive exercise across samples, but it may also be due to differences in definitions and measures. 5 In our sample, only BED patients were shown to have significantly lower scores on the global scale and two subscales (compulsive exercise and awareness of bodily signals). However, these results should be interpreted with caution because of the low number of BED patients in the sample. Still, it is in accordance with our clinical experience, that these patients express less compulsivity concerning exercise.
Compulsive exercise is not a symptom of all eating disorder patients, and the reported prevalence of compulsive exercise in other clinical samples has been estimated between 39 9 and 45.5%. 6 It is not possible to compare these prevalence rates directly to the EED because different measures were employed. Yet, the proportion of patients with EED global score above 2.4 (estimated groups of moderate and high severity) was 50.8%, which falls in the same range as prior research. The estimated classification of severity (from "no symptoms of compulsive exercise" to "high severity") based on EED global score in the patients is meant to assist clinical work with patients. This scale should be interpreted as gradually increasing severity, not strictly separate groups, giving an indication of how much attention is needed in treatment. However, it is important to have a more overall perspective too. Consistent with other research, 40 ,41 a continuum model, may highlight the dynamic nature of features like compulsive exercise and related topics. Convergent validity was demonstrated by correlations between the severity groups and increasingly higher levels of exercise. This supports the clinical relevance of the severity grading of the global EED score, and emphasizes the importance of evaluating both qualitative (attitudes and thoughts related to compulsivity) and quantitative measures of compulsive exercise in eating disorders. In accordance with other research, the qualitative measures are regarded as the clinically most important aspect of exercise behavior 3, 14 and the amount or frequency of exercise is considered supplemental information in our clinic. An evaluation as to whether the amount of exercise is harmful or not depends on the individual's health and fitness level, and may also depend on prior history of exercise behavior.
Strengths and Limitations
A satisfactory sample size and acceptable number of patients in diagnostic groups strengthens this study.
Several limitations are important to consider. EDE-Q, the EED has not been validated against another exercise questionnaire. The exclusion of male students prohibits conclusions regarding gender differences. Patients were recruited from one eating disorder unit; and findings may not generalize to generalist treatment settings or community samples of eating disorders. Another limitation is lack of structured diagnostic reliability testing. However, well-experienced ED clinicians made the diagnoses. The BED patients were quite few and that made the results in this group more uncertain. In our sample, the patients were on average older than controls. These differences were adjusted for by statistical analyses. The EED is based on selfreported data, and bias associated with over-and under-reporting is possible. The same concern applies to the self-reported weight and the possibility of unreported ED by participants in the control group.
Exercising despite pain and injury is a part of the DSM-5 criteria of excessive exercise, 4 and the importance has also been confirmed in research and clinical observations. 23 This study reported psychometric data for the second version of the EED (version 2). Future versions of the EED will be designed to incorporate an item specific to awareness of physical pain and a timeframe of 4 weeks will be used to provide greater understanding of when changes occur. Additional research is also necessary to determine whether the EED captures changes through treatment, to investigate its potential predictive validity in determining outcome and to clarify relationships with other comorbidity and related symptomology. Comparing EED scores of compulsive exercisers with and without eating disorders and with athletes and other groups of physically active persons may also be interesting issues for future research.
Conclusion
The results of this study confirm the EED (version 2) as a valid and reliable measure of compulsive exercise in eating disorder patients. This brief, selfreport, easy-to-administer questionnaire includes 18 items divided into four subscales, which yield clinically relevant information that tap different dimensions of this phenomenon.
